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1.0 INTRODUCTION AND SUMMARY

Atlantic Research Corporation (ARC) contracted with NASA to manufacture
and deliver thirteen small scale Solid Rocket Motors (SRM). These motors, containing five
distinct propellant formulations, will be used for plume induced radiation studies. The
information contained herein summarizes and documents the program accomplishments and

results.

Several modifications were made to the scope of work during the course of
the program. The effort was on hold from late 1991 through August, 1992 while propellant
formulation changes were developed. Modifications to the baseline program were
completed in late-August and Modification No. 6 was received by ARC on September 14,
1992. The modifications include changes to the propellant formulation and the nozzle

design.

The required motor deliveries were completed in late-December, 1992.
However, ARC agreed to perform an additional mix and cast effort at no cost to NASA and

another motor was delivered in March, 1993.
2.0 ACTIVITIES

The initial program required refurbishment of NASA supplied hardware and
the loading of fourteen motors with a specified propellant formulation. One motor was to
be static tested as a demonstration or qualification unit. It was subsequently discovered that
the motor cases and forward closures had been insulated with material containing asbestos.
As a result of asbestos disposal issues, new cases and closures were purchased along with

the required canted nozzles.

Prior to the initiation of propellant casting, NASA developed a need for

motors containing a number of different propellant formulations in lieu of the original
1



single formulation. The nozzle design was also changed from canted to axisymmetric.

A Propellant Mix Plan (Attachment 1) and a Motor/Propellant Matrix
(Attachment 2) were developed utilizing five distinct propellant formulations to meet the
new requirements. Since Maximum Expected Operating Pressure (MEOP) was of major
concern, the formulation for Motor #5 was selected for the demonstration test. This
formulation was expected to yield the highest burn rate. Propellant checkout mixes were
conducted to verify that burn rate and MEOP could be controlled within contract limits.

The schedule by which the work was performed is included as Attachment 3.

Following a successful checkout mix and associated Rohm and Haas (R&H)
testing, the demonstration motor was successfully tested on November 6, 1992. NASA
representatives witnessed the test of motor SOSM-00. In addition to the
thrust/pressure/time data measured by ARC, we assisted NASA personnel with the
measurement of plume infrared radiation data. NASA provided instrumentation and ARC

collected and recorded data.

Analysis of the R&H results yields maximum pressure predictions for the
corresponding full scale motor. As can be seen from the analysis of Rohm and Haas 05 and
06, Motor #2 could experience peak pressures up to 750 psi which is approximately 4%
above the allowable maximum pressure. Our structural analysis of the motor components
indicated a factor of safety of 4 at this maximum pressure. Based upon the structural
analysis, a deviation (Attachment 14) was issued granting relief from the 720 psi MEOP

requirement.

Test data for each mix and the demonstration motor are included as
Attachments 4 through 11. These data reports are keyed to the Propellant Mix Plan. The
first propellant checkout mix (Mix #1) yielded results so close to requirements for the test
motor that a second mix (Mix #2) was not needed. Therefore, there were no Rohm and

Haas Motors 03 and 04.



X-ray results for Motor #6, the PBAN Motor, indicated the presence of two voids
which rendered the motor unacceptable. Recognizing the importance of the PBAN motor
to the planned NASA test program, ARC elected to perform an additional mix and cast at
no cost to NASA. The effort was successful and the new motor was designated SOSM-14
PBAN/16.0. Motor #6 was subsequently scrapped at ARC.

3.0 SHIPMENTS

The 13 canted nozzles originally purchased for use on the program and the

spent motors containing asbestos were shipped to NASA on October 30, 1992.

Motors 1 through 5 and 7 through 13 were shipped on December 28, 1992.
The replacement for Motor #6, SOSM-14 PBAN/16.0, was shipped on March 8, 1993.

Copies of the DD Form 250 and the ARC Packing Lists for these shipments
are included as Attachment 15.



PROPELLANT MIX PLAN

NASA Reload
Task Descriptiop Notes
1. Mix #1: Formulation $ in 60-qt Hobart Cbeckout highest
Cast R&HO1 & 02 b ASRM wvariation
Perform pbysicals, strands, & bond tests first

2, Assemble and fire R&HO1 & -02
Reduce data
Adjust burn rate and pbysicals (AR)

3. Mix #2: Formulation § in 60-qt Hobart
Cast R&H-03 & 04
Perform physicals, strands, & bond tests

4. Assemble and fire R&H03 & -04
Reduce data

5. Mix #3: Formulation § in 140-qt Hobart
Cast R&H-05 & -06
Cast SOSM-00 for test
Perform physicals, strapds, & bond tests

6. Assemble and fire R&H-0S5 & 06
Assemble and fire SOSM-00
Reduce data SCSM-00

7. Mix #4: Formulation 2 in 140-qt Hobart
Cast SOSM-02 and RAH-07 & 08
Perform physicals, strands, & bond tests
Assemble and fire R&H-07 & 08
Deliver SOSM-02

8 Mix #5: Formulation 1 in 140-qt Hobart Checkout Jowest rb
Cast SOSM-01 and R&H-09 & 10
Perform physicals, strands, & bond tests
Ascwible acd [oe R&ii o9 & 10

Deliver SOSM-01
9, Mix #6: Formulations 3,9,10,11,12,13 in 150-gal Hbrt. Interpolate based on
Cast SOSM-03,09,10,11,12,13 & R&H-11 & 12 formulations § & 2

Perform physicals, strands, & bond tests
Assemble and fire R&H-11 & 12
Deliver SOSM-03,09,10,11,12,13 MBS0292

ATTACHMENT 1



PROPELLANT MIX PLAN CONTINUED
NASA Reload

Jesk Descriptiop

10.

11

Mix #7. Formulation 4 in 150-ga) Hobart
Cast SOSM-04,05,07,08 and R&H-13 & 14
Perform pbysicals, strands, & bont tests
Assemble and fire R&H-13 & 14

Deliver SOSM-04,05,07,08

Mix #8: Formulation 6 in 140-qt Hobart
Cast SOSM-06 and R&H-15 & 16
Perform physicals, strapds, & bond tests
Assemble and fire R&H-15 & 16

Deliver SOSM-06

MBX0292



NASA RELOAD

MOTOR/PROPELLANT MATRIX

Binder | Al Al Al Ox-Ap % Nozle

Motor # | Type % Size | Shape | Cors/Fine | Solids Geometry

1 HTPB | 215 | 30um | Flake | 200/20um 88 | Axisymmetric
70/30%

2 HTPB | 175 | 30um | Flake | 200/20um Axisymmetric
70/30%

3 HTPB | 19.0 | 30um | Flake | 200/20um 88 | Axisymmetric
70/30%

4 HTPB | 16.0 | 30um | Flake | 200/20um 86 | Axisymmetric
70/30%

5 HTPB | 160 | 30um | Flake | 20020um 86 Axisymmetric
70/30%

6 PBAN | 16.0 | 30um | Flake | 200/20um 86 | Axisymmetric
70/30%

7 HTPB | 16.0 | 30um | Flake | 200/20um 86 Axisymmetric
70/30%

8 HTPB | 160 | 30um | Flake | 200220um 86 Axisymmetric
70/30%

9 HTPB | 190 | 30um | Flake | 200/220um 88 Axisymmetric
70/30%

' 10 | ureB| 190 | 30um | Pake | 20020um | 88 | Axisymmetric
| 70/30%

11 HTPB | 19.0 | 30um | Flake | 200/20um 88 | Axdsymmetric
70/30%

12 HTPB | 19.0 | 30um | Flake | 200/20um 88 Axisymmetric
70/30%

13 HTPB | 190 | 30um | Flake { 20020um 88 Axisymmetric
70/30%

MBMATRIX

ATTACHMENT 2
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NASA RELOAD
Ballistic Analysis
of
ROHM and HAAS Motors
01 and 02
ODU

On October 13, 1992 two Rohm and Haas motors (F/N's 02447 and 02448) were fired from
NASA Reload Mix 1. This mix was an 86% solids, 16% aluminum, HTPB formulation with
a bi-modal (200/20 micron) AP distribution in a 70/30 ratio. This was designated

formulation 5 on the motor/propellant matrix. There were no anomalies noted in the
firings.

ANAI YSIS RESULTS

The firing data was processed using the standard firing analysis code to determine the motor
burning rate and burning rate exponent. Firing number 02447 used an eroding nozzle
throat made from Durez. Firing number 02448 used a non-eroding, ATJ graphite throat.

The burning rate exponent while the non-eroding throat provides an accurate burning rate
value at the motor average operating pressure.

Based on the analysis of F/N 02447, the burning rate exponent was determined to be 0.445.
Based on the analysis of F/N 02448, the burning rate was determined to be 0.415
inches/second at 669 psi. Using these results, the burning rate equation for this mix is:

r = 0.02295 Pc¢ 9445

ATTACHMENT 4
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TEST DATA REPORT

NASA RELOARD R/H

FIRING NOS:D2447-02448
FIRING DRTE:OCTBBER 13,1992
KOTOR NOS:1S, 68109

RB DRTA

PRODUCT RSSURANCE RPPROVAL: I*-)/& ,50?7’

(¢
RTLRNTIC RESERACH CORP

S$94YS KELLINGION RORD
GRINESVILLE, VR 22085

PROPULSION TEST GROUP
OCTOBER 14,1992

SPECIFICRTION:..... %/ ﬁ' .................

DATA ntoucnom.g‘lﬂ.’fﬁ."ﬁ..f'r/?(r.’tf}/ ..... '
ENGINEERING nrrnovnu..ﬂ... .‘.@’...(.‘//Y/,V



MASA

1400

RELDAD YIRING MO. 62447
MOTOR MO, 15 MG = 7 (v |

Iy

PRESS-A —o— PRESS-B —4— THRUST-A —o— THRUST-B —~8—

13-0ct-%2

. . .

200
0.000

©.6008 1.2000 1.8008
TIME (SECOMDS)

TEST DATA SUMURY
Test ID : XASA RELOAD

2.4668

3.6000

Firing Nuber 02447

Acct Wo. 38-8464-N6-1000 Date Tested 13-0ct-92
Motor No. 1% Cond, Temp. 70.00 Deg. F
Grain Mo, BO9DGA3-T Abient Temp. $7.00 Deg. F
Pro. Wgt. $144.0000 grems Rel ¥umidity 60.00 %
eb 0.9800 f{n. Sarameter 2¢%.95 inkp

TIME VALUES

(seconds)
Tonition Delay ¢ 0 - 10X) 0.0528 Ignition Rise (10X - 75X) 0.0320
Actfon Time 10X - 10X) 2.4000 un  Time C10X - TAN)  2.3552
Total Time (0 - 0) a.am

INTEGRALS AVERAGES

CHN 1D TOTAL ACTION UM ACTION BRN MAX TN
00 PRESS-A (PSIA) 1724.5 172.6 1709.9 717.8 726.0 872.0
01 PRESS-B  (PSIA) 1727.5 175.5 1712.% 719.0 Ter.1 872.3
02 THRUST-A (LBF ) 2655.% 2654.2 2634.8 1105.9 1118.7 1266.3
03 THRUST-8 (LBF ) 26744 2673.0 2453.4 1113.8 1126.6 1269.8
Observed Surn Rate = 0.4161 in/sec. @ 726.0 psie

Specific Iepulse = 234.1590 (bf-s/ibm
Action / Burn Time = 1.0190
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HASA RELOAD VIRING MO. 82448 13-Oct-92
MOTOR MO. JGD 109 MG = 2 (=% 4 ”

1400 PRESS-A —o— PRESS-B -4— THRUSI-A —o— THRUST-D —8—

. . .

-200
©.600 6.6800 1.2000 1.8900 2.4609 3.6000
TIME (SECONDS)

TEST DATA SUMMARY

Test ID : NASA RELOAD Firing Nurber 02448
Acct No. 38-6484-48-1000 Pate Tested 13-Oct-92
Motor No. JGB 109 €ond. Temp. 70.00 Deg. ¢
Grafn No, BOPGAI-T Arbient Temp. 57.00 Deg. ¢
Pro. Wgt., 5143.0000 grams Rel Mumidity 60.00 %
Yed 0.9815 in. Sarcoeter 29.95 fnig

TIME VALLES

(seconds)
Ionition Delay ¢ 0 - 10X) 0.0333 Ipnftion Rise (10X - 75X)  0.03S2
Action Time C10X - 10X) 2.4640 Surn  Time 10X - TAN)  2.4096
Total Time €0 - 0) 2.5197

INTEGRALS AVERAGES

CHN 10 TOTAL ACTION BURN ACTION SURN MAX ] MU
00 PRESS-A  (PSIA) 1664 .8 16£3.4 1645.9 675.1 643.1 708.2
01 PRESS-B  (PSIA) 1645.% 1654, 1 1848.7 675.4 683.4 707.6

02 THRUST-A (LBF )  2603.%1 2602.3 e577.9 1056.2 1069.9 1152.1
03 THRUST-B (LBF )  2618.6 2611.7 2593.1 1062.4 1076.2 1160.0

Observed Burn Rate = 0.4073 ins/sec. ® 633.1 psia
Specific Irpulse s 229.5882 (bf-s/lbm
Action / Burn Tiee &« 1.0226
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NASA RELOAD
Ballistic Analyslis
of
ROHM and HAAS Motors

0S and 06

INTRODUCTION

On November 3, 1992 two Rohm and Haas motors (F/N’s 02478 and 02479) were fired from
NASA Reload Mix 3. This mix was an 86% solids, 16% aluminum, HTPB formulation with
a bi-modal (200/20 micron) AP distribution in a 70/30 ratio. This was designated
formulation 5 on the motor/propellant matrix and was identical to Mix 1. Due to an
operator error, the thrust data on F/N 02479 was not properly acquired. No meaningful
data can be acquired from this firing since the thrust data is critical to the analysis of this
motor. The data from the remaining motor is sufficient to determine the acceptability of

this batch.
ANALYSIS RESULTS

The firing data was processed using the standard firing analysis code to determine the motor
burning rate. Firing number 02478 used a non-eroding, ATJ graphite throat. The non-
eroding throat provides an accurate burning rate value at the motor average operating
pressure.

Based on the analysis of F/N 02478, the burning rate was determined to be 0.383
inches/second at 565 psi. Using these results, and the burning rate exponent of 0.445
obtained from Mix 1, the burning rate equation for this mix is:

r = 0.02283 P¢c *

This is 0.52% lower than Mix 1 and is within the acceptable range.

ATTACHMENT §



TEST DATA REPORT

NASAR RELORD R/H

FIRING NOS:D2N78-02479
FIRING DRTE:NOVEMBER 3,1882
MOT10R NOS:RRSM-S5,RASH-1N

RB DRIR

PRODUCT RSSURRNCE APPROVAL: H/A’\f/ﬁ);/
YK

RTLANTJC RESERRCH COARP
SS4YS WELLINGTON RORD
GRINESVILLE, VR 22065

PROPULSION TEST GROUP
NOVEMBER 3,1892

SPECIFICRTION: . ///ﬂ .............
DRTR REDUCTION:, %ﬂ/ﬁ’#} ....... ///

ENGINEERING RPPROVRL:.... J% ............

DISCREPANCIES KNOTED: ..cveeerecectncsncscaccrcassssosscscacccsosas

‘.?:

7 Shhober T
4500714

......... Tlyaed.. Q\\m?«i... T"7H01‘f79’.2[7""‘4'"’\
UTUUTURIIY 3. 0.7 SUPN O ¢ o Py .T‘lﬁ’....cz‘.‘{(..?h...éwy?l.\('.wz\ ..........

------------------------------------------------------------------

..................................................................



MASARELOADRA FIRING MD. 2478 3IHov-R
MOTOR MO. MMSH-S MG = 6 1 ”»

PRESS-1 —o— PRESS-Z -—#— THRUST-1 —o— THRUST-2 —8-—

1900
1600
600
200 : . : :
-200
6.600 6.5680 1.6008 1.5600 2.6009 2.5000

TIRE (SECONDS)

TEST DATA SLMNARY

Test 1D : KASARELOADR/N Firing Nuber 02478
Acct No. 38-6444-Ké- 1000 Date Tested  3-dNov-92
Motor No. AASH-S Cond. Tesp. T0.00 Deg. ¥
Grain Wo, BUPGBT-T Abient Temp. 64.00 Deg. ¢
Pro. Wgt. 5225.6001 grams Rel Mmidity 6&8.00 X
Ved 0.9%0 in. Barcmeter 29.83 inig

TIME VALUES

(seconds)
Ignition Delay ( 0 - 10X) 0.0309 Ignition Rise (10X - 75%) 0.0440
Action Tise (10X - $0%) 2.4880 sumn Time (10X - TAN) 2.4400
Total Time (0 - 0) 2.TUY

INTEGRALS AVERAGES

CHN 3D JOTAL ACTION BURN ACTION BRN MAX MM
00 PRESS-1 (PSIA) 1538.1 1534.8 1524.9 572.2 $77.% 603.8
01 PRESS-2 (PSIA) 1534.7 1533.5 1521.4 $70.9 $76.3 601.7
02 THRUST-1 (LBF ) 2611.4 2610.6 2592.2 971.9 se1.9 1077.9
03 TRRUST-2 (LBF ) 2616.% . 2613.3 2594.9 $72.9 %e2.9 1079.2
Otserved Burn Rate = 0.3765 irvsec. 8 577.5 psis

Specific Tspulse s 226 8741 (bf-s/1bm
Action / Burn Tise = 1.0174



AHYHNSSY 1 INON

_ 3l 1831 S iy (1] T I
wr ; W ﬁ.“m y; ‘m%umw
_ 3uN1VNILS
. 38< -
Dy
~ 08’ £ :as0599 Y0
) tsav
o THAR Y7 :auojag g T
T FIC)] 0i1C77 Ao€T] :y)budy ujeay
- . T noc:.cor
r ITo" ole’? LYo -g°0 vjeay
FITE ¥RTR TTRCA "0°1 wieg
?g $3yhyan Juepgadoay Sy : Buy 1 Qi yug
o " i$)uduwo) 4O 1ol RELYE X BEXN)!) J3ubyan uyeay poigQiyul
tbupay g 421 v by oYK
, ' TV GY  bupay g au0j0g Jybyop 2030 tuoj Jeaedday pul
I ICLIRTRL)] x_:nam dwd)
(R d o..:uauunllm viva 1avi13404d NOI JVUVd3Itdy HIVYD
_ Q0007 1snay) X
. s o %"
LTRTY Pa.t) nbay .
‘uvy pd)dads) U0 e Juawna)su] £43U) €140 40 fui snoy 1$juduodwo) 20y)0
y hgroT tuoiegnsuy
L133yS Juamasysu] buy a0y . FIo Pl s AT :abaey) s231uby
V020031 L1 dong  :buyuoj 3§ puo) 22410 L Ly TR
s a4 A Sawyp) wnjaqy|eby TV W T Sy ¥ 154y nbig 1400y
" de 02 *uwdy Bujuoy ) pun) ‘o) Cupmesg *Assy *opp Bugmeag “Lssy
V04834 03123dX3 Quy g 153) PETILED LSSy Y0 G
—_— " e AMISNT -
*378v1432dvun *3W0vid32Qv SR3IIADY AvH-X ..D\NIT

» 0.-.\\\. T poeswy D

I5 Spivd
rb-6¥0-~0/

1790 JL<)

‘01 vivo 31ng1yisla

‘08 4010W 030M3JX3 YIALYIQ

$31va 3na3Inas

"ON *33dS 1531 MOISINUOUd

1330S NOILIWVARIOIN] 1S3t

N+ w. 1S31 40 3souund

£L-71898%07 "ON NIV
S-S Yy "ON Y0IOU
TO00/-YN-RIRT-BE 0N 13V
Tho277) VSVYN  3nwn wudoud



MSARELOADR A
MOTOR MO. 14 MG = 6 % { ”»
PRESS-1 —o0— PRISS-2 —4— THRUST-1 —6— THRUST-2 —8—

1950

FIRING MO. 62479

IHov-32

200
0.600 6.5000 1.6000 1.5608

. 2.6008
TINE (SECONDS)

TEST DATA SUMURY
Test 1D : WASARELOADR/N

Firinrg Tusber 02479

Acct  Wo. 3&-6444-86- 1000 Date Tested  3-Kov-92
Kotor No. 1 Cord. Temp. 70.00 Deg. F
Grain No. BOSG8IY Arbient Temp. &4.00 Deg. F
Pro. Ugt. 5162.3999 grams Rel Bmidity &3.00 %X
Yeb 0.9845 fin. Sarcmeter 29.83 {nig

TIME VALUES

(seconds)
fonition Delay ( 0 - 10X) 0.0289 Ignition Rise (10X - 75%) ©0.0340
Action Tise (10X - 10X) 2.5440 burmn  Time (10X - TAN)  2.4440
Total Time (O - 0) 2.5989

INTEGRALS AVERALES

cu 10 10TAL ACTION SURN ACYION "Ry MAX 1ML
00 PRESS-1 (PSIA) 1630.9 1629.3 1597.4 640.9% &653.6 762.3
01 PRESS-2 (PSIA) 1629.0 1627.% 1595.8 639.7 652.9 761.1
02 THRUST-1 (LBF ) 2402.4 2841.3 23894 959.6 rr.y 7.0
03 THRUST-2 (LBF ) 2448.9 2447.6 2395.4 952.1 $80.1 998.7
Otserved Burn Rate = 0.4028 fn/sec. @ 853.6 psia

214.6023 1b{-s/itm
1.0409

Specific lepulse -
Action / Burn Time @
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NASA RELOAD
Ballistic Analysis
of
Demonstration Motor

SOSM-00

INTRODUCTION

On November 6, 1992 a full scale motor from NASA Reload Mix 3 was fired (F/N 80956).
This mix was an 86% solids, 16% aluminum, HTPB formulation with a bi-modal (200/20
micron) AP distribution in a 70/30 ratio. This was designated formulation S on the
motor/propellant matrix and was identical to Mix 1.

The motor operation closely matched expectations with no performance or data acquisition
anomalies.

ANALYSIS RESULTS

The firing data was processed using the standard firing analysis code to determine the motor
operating performance. The results of this analysis are summarized in Table 1.

The propellant burning rate was determined to be 0.426 inches/second at 655 psia.
Assuming that the burning rate exponent is unchanged from Mix 1 at 0.445, then the
burning rate equation for this motor is calculated to be:

= 0.02378 Pc *** inches/second

This is 4.1% higher than the burning rate determined in the Rohm and Haas firing for this
mix. This is typical for this type of propellant.

CONCLUSIONS AND RECOMMENDATIONS

The maximum pressure observed of 720 psia precisely equaled the requirement. Because
of this, it is recommended that the iron oxide content of the propellant be decreased from
0.5% to 0.25% in all future mixes. This will allow some margin on the maximum pressure

requirement in subsequent firings.

ATTACHMENT 6



Table 1. Ballistic Performance Summary

Burn Time, seconds

Action Time, seconds

Burn Time Average Pressure, psia
Action Time Average Pressure, psia

Maximum Pressure, psia
Burn Time Average Thrust, 1bf
Action Time Average Thrust, 1bf

Maximum Thrust, 1bf

Nozzle Throat Efficiency
Thrust Efficiency

Total Pressure Integral, psia-sec
Total Impulse, 1bf-sec

Propellant Weight, 1bm

Delivered Specific Impulse, 1bf-sec/1bm

5.087
5.539

654.6
634.2
720.0
4451
4302
5677

0.998
0.956

3515
23839

100.7

236.7



TEST DATA REPORT

NASA RELOAD

FIRING ND:809S6
FIRING DRTE:NOVEMBER 6,1992
MOTOR NO:SOSM-00

LOT RCCEPTRNCE TEST

: //,g
%2- £
PRODUCT RSSURANCE RPPROVAL: A
e
ll//’ /

RTLANTIC RESERRCH CORP
S94S WELLINGTON RORD
GRINESVILLE, VA 22065

PROPULSION TEST GROUP
NOVEMBER 6,1982

SPECIFICATION: ... /7@ ot ;’70 ......
DRTA REDUCTION:....... W ..............

ENGINEERING RPPROVAL: Q S L AR
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720.00

640.00

1

560.00
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u80.00

1

400.00

LNV O L LD
320.00

1
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160.00

JEST IO
MDTIOR S/N:

NRSR RELORD ~ -
SOSH-00

et vt 20

PLOT TITLE:

THRUST=-R

B R R i T G

THRUST-A

FIRING NO:
TEST DRTE:
e 0.0

BUd5b
6-NOV-82

%

o v b s s an

1. 00 2.00

3.00
SECONDS

-
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TEST 10: NASR RELOAD FIRING NO: 80856
WOTOA S/N: SOSM-00 TEST DRTE:  6-NDOV-82

seiuts aveensed. 20 e 0.0

PLOT TITLE: THRUST-B

THRUST-B

¢U. Uy

| i
2 ; i
o : i i
> _— e — e - [ U — 2 e e o ———
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YEST 10 NRSR RELORD FIRING NO: B0D9S6
noTeR S/N: SOSM-D0 TEST DRTE:  6-NOV-82

roiaTs vtesen, 20 tn 0.0

PLOT TITLE: PRESSURE-R
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TEST 1D: NRSR RELORD

FIRING NO:

80856

moTor S/N: SOSM-00 TEST DRTE:  B-NOV-82
o' avemactr 20 e 20.0

5 PLOT TITLE: 648012
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TEST 10:  NRSA RELOAD FIRING NO: B0SS6
mo1DR S/N:  SOSM-00 TEST DRTEy  B-NOV-S2

se101s avtmcrte 20 ¢ 20.0
PLOT TITLE: 648011
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TEST 10: NRSR RELORD FIRING NO: B09S6
MoTOM S/N: SOSM-00 TEST DRTE:  E6-NOV-82

roaTs avomced: 20 e 70.0
PLOT TITLE: 64809

€uB0s

-13000 -11000 -9000 -7¢00 -5000 -3000 ’looo
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* YEST 101 NRSR RELOAD
®OTIR S/N: SOSM-D0

reinty sttt 20

PLOT TITLE:
648019

648013

8.00

¥eo

80856
6-NOV-92

FIRING NO:

TEST DRTE:
¢ 70.0

4.00

0.00

T e ey [

-qooo

-8.00

-12.00

-16.00

-20.00

-24.00

| | |

28.00

0.00 1.00 2.00 3.00 4,00
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y

T£ST 101 NRSR RELORD FIRING NO: B(0856
moTon S/N: SOSM-00 TEST ORTE:  B-NOV-92

Y.uUu

/.00

5.00

.00

3.00

1.00

0.00

POIATS SVIWGID: @ e 70.0
PLOT TITLE: CURRENT
CURRENT L e
YT ;
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© - i
‘D... e+  sr—— . — e < aen < e o] o S+ —
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o ' - - o s FU
‘\"- - - - - -
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© i ; ! i
. : ! ! ‘» ! ‘
- ' ] ' ) 2| -
'_0.10 0.00 0.10 0.20 0. 30 0.40 0.50 0.60
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NASA RELOAD
Ballistic Analysls
of
ROHM and HAAS Motors
07 and 08
INTRODUCTION

On December 3, 1992 two Rohm and Haas motors (F/N's 02527 and 02528) were fired from
NASA Reload Batch B09722-T. This mix was an 88% solids, 17.5% alumioum, HTPB
formulation with a bi-modal (200/20 micron) AP distribution in a 70/30 ratio. From this
batch, full scale Motor #2 was also cast. There were no anomalies noted in the firings.

ANAI YSIS RESULTS

The firing data was processed using the standard firing analysis code to determine the motor
burning rate and burning rate exponent. Firing number 02527 used an eroding nozzle
throat made from Durez. Firing number 02528 used a non-eroding, ATJ graphite throat.
The burning rate exponent with the non-eroding throat provides an accurate burning rate
value at the motor average operating pressure.

Based on the analysis of F/N 02527, the burning rate exponent was determined to be 0.4305.
Based on the analysis of F/N 02528, the burning rate was determined to be 0.394
inches/second at 598 psi. Using these results, the burning rate equation for this mix is:

r = 0.02513 Pc %43

Full scale motor maximum pressure was calculated by comparing burning rates, exponents
and propellant thermochemical properties to the mix 3 full scale motor. This was done
using a mass balance equation, with a 3.8% scale factor applied to the subscale burning rate.
This value was required to calibrate the calculation to the actual mix 3 full scale motor.
The calculated full scale maximum pressure for batch B09722-T is 750 psi which is above
the requirement of 720 psi.

ATTACHMENT 7



TEST DATA REPORT

NARSR RELGAD R/H

FIRING NDS:02527-02528
FIRING DRYE:DECEMBER 3,1892
MOTOR NDS:RRSM-2,BB

RB DRTR:BDY7221

- L
PRODUCT RSSURANCE RPPROVAL: /. f//
- ’./’ s
SR>
[

&
RTLRANTIC RESERRCH CORP

S84S5 KELLINGION ROAD
GRINESVILLE, VR 22065

PROPULSION TEST GROUP
DECEMBER 3,1882

SPECIFICATION:....... 4///' .................
DATR REDUCTION:. //7/72_&2/;{'.

ENGINEERING RPPROVAL:.. .. fd8E,

ooooooooooooo



| %
N\

'\\
s\\

MNASA

RELDAD RH

ROTOR MO. AASH-2

1400

AUG = 6
PRESS-2 —o— THRUST-1 —#— THRUSI-2 —o— PRESS-1 —8—

FIRING MD. @2527
c1 70

3-Dec-92

1000

. . - . .

200
6.000

Y
o\\

w
£\

A

0.5000

1.0000

Test 1D : KASA RELOAD R/M
Acct No, 3B-6464-N6-1000

Motor No. AASH-2
Gnin No. BO97227

Pro. Wgt. S283.8999 grams

veb | (\ 0.9960

Ignition Delay ¢ 0 - 10%)
Action Time (10X - 10%)

Totsl Time (O -

CHN 1D

00 PRESS-3 (PSIA)
01 PRESS-2 (PSIA)
02 THRUST-1 (LBF )
03 THRUST-2 (LBF )

Observed Burn Rate s

Specific Impulse
Action / Burn Time

1.5000

TINE (SECONDS)

TEST DATA SUMMARY

2.6000

2.5000

fFiring Nurber 02527

Cate Tested 3-Dec-92
Cond. Temp. 70.00 Deg. F
Abient Terp. 41.00 Deg. F
Rel Mumidity 35.00 %
fin, Basromoter 29.90 inkg
TIME VALUES
(seconds)
0.0387 Ignition Rise (10X - 75X) 0.0340
2.5200 Surn  Time (10X - TAN)  2.4480
0) 2.5887
INTEGRALS AVERAGES
TOTAL ACTION BURN ACTION BURN MAX | MU
1630.1 1628.3 1608.2 646.2 656.9 788.7
1629.2 1627.3 1607.3 645.8 656.6 787.3
2714.4 272.9 2679.6 1076.6 1094.6 1282.%
anr.2 2715.6 2682.2 1077.6 1095.7 1284.6
0.404% fn/sec. @ 856.9 psis

232.8008 tbf-s/lbn

1.0294
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NASA RELOAD RAH

FIRING NO. ©2528  3-Dec-92

NOTOR MO. 88 MG = 6 c? 70
1400 PRESS-2 —o0— THRUST-] —#— THRUST-2 —6— PRESS-1 —g—
1000 \*{s%', L T LR B -M
-
-200
0.000 8.5000 1.0000 1.56000 2.90000 2.5000
TIME (SECONDS)
TEST DATA SUMMARY
N Test 1D : NASA RELOAD R/N Firing Nurber 02528
/'f. Acct No. 38-6464-K4-1000 Date Tested  3-Dec-92
/ Motor No. 88, Cond. Terp. 70.00 Dep. f
)\ Grain No. BOPT22Y Arbient Terp. 41.00 Dep. F
b g no. vet.  5252.6001 grams Rel Mumidity 35.00 X
0.9900 in. Barometer 29.90 frwg
\) TINE VALUES
}\'{,\ xe\ (seconds)
) \(\ Ignition Delay ¢ 0 - 10%X) 0.0989 Ignition Rise (10X - 75X) 0.0300
. Action Time (10X - 10%) 2.5780 Burn  Time €10X - TAN) 2.5360
s @ Total Time (0 - 0) 2.7060
A \ INTEGRALS AVERAGES
\) CHN 10 TOTAL  ACTION  BURN ACTION  summ MAX T UM
N 00 PRESS-1 (PSIA)  1528.6  1526.8  1515.3 592.2 597.5 618.2
hd 01 PRESS-2 (PSIA)  1527.7  1526.1  1514.6 592.0 $97.3 617.4
b 02 THRUST-1 (LBF )  2652.2  265%.1  2633.8  1028.4  1038.6  11as.0
O3 THRUST-2 (LBF ) . 2648.1  2646.9  2629.8  1026.7  1037.0  11as.s
‘Observed  Burn Rate ® 0.3904 frvsec. @ S97.5 psia

Specific Impulse s
Action / Burn Time =

229.0377 tbf-s/itn
1.0166
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NASA RELOAD
Ballistic Analysis
of
ROHM and HAAS Motors

09 and 10

INTRODUCTION

On December 17, 1992 two Rohm and Haas motors (F/N’s 02583 and 02582) were fired
from NASA Reload Batch B09749-T. This mix was an 88% solids, 21.5% alumioum, HTPB
formulation with a bi-modal (200/20 micron) AP distribution in a 70/30 ratio. From this
batch, full scale Motor #1 was also cast. There were no anomalies noted in the firings.

ANALYSIS RESULTS

The firing data was processed using the standard firing analysis code to determine the motor
burning rate and burning rate exponent. Firing number 02583 used an eroding nozzle
throat made from Durez. Firing number 02582 used a non-eroding, ATJ graphite throat.
The burning rate exponent with the non-eroding throat provides an accurate burning rate
value at the motor average operating pressure.

Based on the analysis of F/N 02583, the burning rate exponent was determined to be 0.4326.
Based on the analysis of F/N 02582, the burning rate was determined to be 0.3583
inches/second at 546 psi. Using these results, the burning rate equation for this mix is:

r = 0.02345 Ppc 043

Full scale motor maximum pressure was calculated by comparing burning rates, exponents
and propellant thermochemical properties to the mix 3 full scale motor. This was done
using a mass balance equation, with a 3.8% scale factor applied to the subscale burning rate.
This value was required to calibrate the calculation to the actual mix 3 full scale motor.
The calculated full scale maximum pressure for batch B09749-T is 693 psi which is below
the requirement of 720 psi. This batch should yield acceptable performance in full scale
motors.

ATTACHMENT 8



TEST DATA REPOR]

NASR RELOAD R/H

02582 - 02683
FIRJNG NUG : Brldaci— ik
FIRING DRIL:DECEMIRLR 17,1992

STRIIC 1ES15

,/
PRODUCT RSSURRNLE fPPROvAL: g & </ 4

‘\IL v

TToan

e
HER Y P
4

RILANIIC POSTUnCH (pne

€955 KELLINZICY ReaD
CRINESVILIE. vit c20u%

PROPULSION TEST cROUP
DECEMBER 17,1992

ooooooooooooooooooooooo

-------------



NASA RELDAD RH FIRING MD. 62582 17-Dec-92
NOTOR MO, RIY108 AVG = 7 9 § 70

mPBESS 1 —o— PRESS-2 —#— THRUST-1 —o— THRUS?-2 —8—

- .

0.000 0.6000 1.2000 1.8000 2.4000 3.0000
JIME (SECDNDS)
s
’{r\,- TEST DATA SUMMARY
y - Test ID : NASA RELOAD R/M Firing Number 02582
’ A Acet No., 32-6484-N5-1000 Date Tested 17-Dec-92
Ne— Kotor No. RTY108 Cond. Temp. 70.00 Deg. F
. ‘\\)\ Grain Ko. B09749-1 Arbient Temp. 48.00 Deg. F
)\ ] Pro. Wgt,  5311.6001 grams Rel Wumidity 100.00 X
; 2 0.9850 in. Barometer 30.10 inHg
A
.\// U \B . TIKE VALUES
/',{/Jtﬁb (seconds)
/\ \X Ignition Detay ¢ 0 - 10X) 0.0340 Ignition Rise (10X - 90%) 0.0360
7 ‘,/ s, Action Time  (10% - 10%) 2.8296 Surn  Time (10X - TAN) 2.7720
O \ Total Time (O - 0) 2.8889
/Q \ INTEGRALS AVERAGES
CHN 1D TOTAL ACTION BURN ACTION BURN NAX T UM

00 PRESS-1 (PSIA) 1526.4 1525.2 © 1509.8 $39.0 544.7 563.7

01 PRESS-2 (PSIA)  1532.3 1531.0 1515.7 541, 546.8 565.9
02 THRUST-1 (LBF )  2628.5 2627.4 2603.7 §28.5 939.3 997.9
03 THRUST-2 (LOF )  2627.2 2626.1 2602.4 928.1 938.8 $96.5
Observed Burn Rate = 0.3553 in/sec, @ 544.7 psie

Specific Irpulse = 224 .L685 \bf-s/ibm
Action / Burn Time = 1.0208
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SA RELOAD RH FIRING MO. 62583 17-Dec-92
nOTOR NO. 10 AVG = 7 C1 K

“,mPBESS-l —o— PRESS-2 —#— THRUST-1 —6— THRUST-2 —8—

200
0.000 ©.6000 1.2000 1.8000 2.4009 3.6000
TIME (SECONDS)
A7)
VJ TEST DATA SUMKARY
& Test 1D : NASA RELOAD R/M Firing Nutber 02523
- . Acct No. 38-6464-N6-1000 Date Tested 17-Dec-92
VA Kotor No. 10 Cond. Temp. 70.00 Deg. f
, .‘\-\ _\\ \“S{Dfn No. BDP749-7 Abient Temp. 4B8.00 Deg. ¥
AN U \Pro. Wgt.  5347.8999 grams Rel Mmidity 100.00 X
Vo0 O\ veb 0.9980 in. Baraneter  30.10 inkg
ANY, - \0 TIME VALUES
» \/.\ q)f)/ (seconde)
AN X
\ L. Ignition Delay ( 0 - 10X) 0.0304 Ignition Rise (10X - ©0X) 0.0432
N\ / Action Time (10X - 10X) 2.7468 Burn  Time (10X - TAN) 2.65604
\ Total Tise €0 - 0) 2.802
INTEGRALS AVERAGES
CHN 1D 10TAL ACTION RN ACTION BURN MAX UM
00 PRESS-1 (PSIA)  1651.8 1650.2 1628.6 600.8 612.2 1.7
01 PRESS-2 (PSIA) . 1654.8 1653.2 1631.6 601.8 613.3 732.6

02 TKRUST-Y (LBF ) 2694.3 2693.1 2638.5 980.4 999.3 1118.2
03 THRUST-2 (LBF ) 2691.2 2689.9 2655.4 97v.3 998.1 1117.3

Observed  Burn Rate s 0.3751 in/sec. @ 612.2 psie
Specific tmpulse . 228.5288 (bf-s/ltm
Action / Burn Time = 1.0325
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NASA RELOAD
Ballistic Analysis
of
ROHM and HAAS Motors
11 and 12
INTRODUCTION

On December 4, 1992 two Rohm and Haas motors (F/N’s 02530 and 02529) were fired from
NASA Reload Batch 3457. This mix was an 88% solids, 19% aluminum, HTPB formulation
with a bi-modal (200/20 micron) AP distribution in a 70/30 ratio. From this batch, full scale
motors 3, 9, 10, 11, 12, and 13 were also cast. There were no anomalies noted in the firings.

ANAL YSIS RESULTS

The firing data was processed using the standard firing analysis code to determine the motor
burning rate and burning rate exponent. Firing number 02530 used an eroding nozzle
throat made from Durez. Firing number 02529 used a non-eroding, ATJ graphite throat.
The burning rate exponent with the non-eroding throat provides an accurate burning rate
value at the motor average operating pressure.

Based on the analysis of F/N 02530, the burning rate exponent was determined to be 0.431.
Based on the analysis of F/N 02529, the burning rate was determined to be 0.381
inches/second at 587 psi. Using these results, the burning rate equation for this mix is:

r = 0.02441 Pc *

Full scale motor maximum pressure was calculated by comparing burning rates, exponents
and propellant thermochemical properties to the mix 3 full scale motor. This was done
using a mass balance equation, with a 3.8% scale factor applied to the subscale burning rate.
This value was required to calibrate the calculation to the actual mix 3 full scale motor.
The calculated full scale maximum pressure for batch 3457 is 717 psi which is below the
requirement of 720 psi. This batch should yield acceptable performance in full scale motors.

ATTACHMENT 9



TEST DRTA REPQORT

NRSR RELORD R/H

FIAING NC5:02525-02530
FIRING DRIE:DECEMBER y,1892
KCIDR NDS: 18,101

RB DRIR

PRODUCT RSSURRNCE RPPROVAL: })/[ %7,,—

RTLANTIC RESEARCH CORP
S84S5 WELLINGTION RCRD
CRINESVILLE, VR 22065

PROPULSION TEST GROUP
DECEMBER 4,1582

SPECIFICRTIONI oo o i ciieieenenncncnnns

DRTA REDUCTJON: g///;‘ Freclt
ENGINEERING RPPROVAL:

- N 4
v



NASA RELOAD RAH FIRING NO. 2529 4-Dec-92
nOTOR MO. 18 AUG = 6 1 20

1400 PRESS-1 —o— PRESS-2 —#— THRUST-1 —o— THRUST-2 —8—

P A 3
| Py AR Bt st

—

200
0.000 ©.5000 1.0000 1.5000 2.0000 2.5000

‘ TINE (SECONDS)
’Q 7 D

TEST DATA SURUARY
Test ID : KASA RELOAD R/M Firing Number 02529

f / :' Acct Mo, 3B-6464-K4-1000 Date Tested &-Dec-92
’ 4 Motor No. 18 Cond. Temp. 70.00 Deg. F
L' Grain Ko. 3457 Arbient Temp. 34.00 Deg. F
Pro. Wgt. 5329.7002 grams Rel Numidity 35.00 X
Veb 1.0030 in. Barometer 29.90 inNg
_ ) . TIME VALUES
. \d\)\/ (seconds)
\f\’ A 'p\afnmm Delay ( 0 - 10%)  0.0521 lgnition Rise (10X - 75%) 3.3193
v . \'Altion Time (10X - 10X) 2.6460 Burn  Time (10X - TAN) 2.6136
) §<\ O \' Total Tiee (0 - 0) 3.378
INTEGRALS AVERAGES
Q Ayl:) CHN 1D TOTAL  ACTION  BURN ACTION  BURN MAX T MM

00 PRESS-1 (PSIA) 1575.6 1553.7 1543.0 587.2 590.4 1665.6
(\ 01 PRESS-2 (PSIA) 1573.0 1551.9 1540.9 585.4 589.6 1682.4
02 THRUST-1 (LBF ) anr.s 2697.6 2680.4 1019.5 1025.6 3328.4
03 THRUST-2 (LBF ) 2695.0 2676.2 2659.3 1011.4 1017.5 3362.2

Observed 8urn Rate = 0.3838 in/sec. 8 $90.4 psia
Specific Impulse = 231.2790 (bf-s/tbm
Action / Burn Time = 1.0124
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NASA RELOAD RH FIRING MD. 62530  4-Dec-92
ROTOR NO. 101 AUG = b o7 § 70

lmPRESS-l —o— PRESS-2 —#— THRUST-1 —6— THRUST-2 —8—

Mﬁ#‘#‘ﬂ‘ﬁ,’ &%\ﬂ‘;&*ﬁl : u

wol [+ 'ﬁWW

0.000 0.5000 1.0000 1.5000 2.0000 2.5000
TINE (SECONDS)

TEST DATA SUMMARY

Test ID : KASA RELOAD R/ Firing Number 02530
\O Acct No. 3B-64564-N6-1000 Date Tested  &-Dec-92
).( \X / Kotor No. 101 Cond. Temp. 70.00 Deg. ¥
\ ~\’ Grain No. 3457 Ambient Temp. 34.00 Dep. ¥
Ly Pro.vet. 539.7002 grems Rel Wumidity 35.00 X
7 w_,(\ Wed 1.0000 fn. Berometer 29.90 inNg
P ) J'?\--\L'\ _}) TINE VALUES
/\ —V‘.\z\ ) (seconds)
N 5 A
. i,' v ') 7) Ignition Delay ¢ 0 - 10%) 0.0349 Ionition Rise (10X - 75X)  0.0252
V(y ot Action Time (10X - 10%) 2.5928 Surn  Time (10X - TAN) 2.55%2
"‘“«’ " Totsl Time (0 - 0) 2.&73
AW INTEGRALS AVERAGES
CHN 1D TOTAL ACTION BURN ACTION - BURN MAX I MM

00 PRESS-1 (PSIA) 1650.0 1648.9 1640.3 636.0 640.9 802.0
01 PRESS-2 (PSIA) 1648.0 1646.9 1638.3 635.2 640.2 802.6
02 THRUST-1 (LBF )  2764.3 2765.6 2750.7 1066.7 1074.8 1262.6
03 TNRUST-2 (LBF ) 2746.9 2748.2 2731.5 1059.2 1067.3 1235.1

Observed Burn Rate = 0.3907 in/sec. 8 640.9 psia
Specific Impulse . €34.5541 tbf-g/lbm
Action / Burn Time = 1.0131
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NASA RELOAD
Ballistic Analysis
of
ROHM and HAAS Motors
13 and 14

INTRODUCTION

On December 17, 1992 two Rohm and Haas motors (F/N's 02586 and 02587) were fired
from NASA Reload Batch 3467. This mix was an 86% solids, 16% aluminum, HTPB
formulation with a bi-modal (200/20 micron) AP distribution in a 70/30 ratio. From this
batch, full scale Motors 4, S, 7 and 8 were also cast. There were no anomalies noted in the
firings.

ANALYSIS RESULTS

The firing data was processed using the standard firing analysis code to determine the motor
burning rate and burning rate exponent. Firing number 02586 used an eroding nozzle
throat made from Durez. Firing number 02587 used a non-eroding, ATJ graphite throat.
The burning rate exponent with the non-eroding throat provides an accurate burning rate
value at the motor average operating pressure.

Based on the analysis of F/N 02586, the burning rate exponent was determined to be 0.4163.
Based on the analysis of F/N 02587, the burning rate was determined to be 0.3292
inches/second at 497 psi. Using these results, the burning rate equation for this mix is:

= 0.02483 Pc °4¢

Full scale motor maximum pressure was calculated by comparing burning rates, exponents
and propellant thermochemical properties to the mix 3 full scale motor. This was done
using a mass balance equation, with a 3.8% scale factor applied to the subscale burning rate.
This value was required to calibrate the calculation to the actual mix 3 full scale motor.
The calculated full scale maximum pressure for batch 3467 is 596 psi which is below the
requirement of 720 psi. This batch should yield acceptable performance in full scale motors.

ATTACHMENT 10



TEST DATA REPORT

NASR RELOAD R/H

025%6-82587
FIRING NOS: BRLEp—0ppy=

FIRING DRYE:DECEMBER 17,1992

STRTIC 1ESTS

3
- f

. ’ , ‘\
PRODUCT RSSURANCE APPROVAL: 4 /. !

RTLANTIC RESERRCH CORP

S5S4S RELLINGTON RORD
CRINESVILLE, VR 22085

PROPULSION TEST GROUP
DECEMBER 17,1882

ooooooooooooooooooooooo

ENGINEERING RPPRDVAL:..




)

NASA RELOAD RAH
NOTOR MO, 3

1400

AVG = ?

PRESS-1 —o— PRESS-2 —4— THRUST-1 —o— THRUST-2

FIRING MO. 62580 17-Dec-92
c1 70
—

. -

0.000 ©.6000 1.2000 1.8000 2.4000 3.0000
TINE (SECONDS)
TEST DATA SUMMARY
Test 1D : NASA RELOAD R/N Firing Number 02584
{_/' Acct No, 38-6484-N6-1000 Date Tested 17-Dec-92
d Motor No., 3° Cond. Terp. 70.00 Dep. €
Grain No. 34487 Arbient Terp. 48.00 Deg. F
<\ Pro. Wpt. $115.2002 grams Rel Kumidity 100.00 X
\& 0.9890 fin. Sarometer 30.10 {nng
\ TIME VALUES
& (seconds)
tgnition Delay ¢ 0 - 10%) 0.0308 Ignition Rise (10T - 90%) 0.0396
.’ - Action Time (10X - 90%) 2.9557 Surn  Time (10X - TAN) 2.9088
iy \ Totsl Time (0 - 0) 3.0113
\ ’ INTEGRALS AVERAGES
CHN 1D TOTAL ACTION SURN ACTIOM BURN MAX T UM
00 PRESS-1 (PSI1A) 1634.6 1633.2 1622.1 552.6 557.7 637.3
01 PRESS-2 (PSIA) 1639.2 1637.8 1626.7 $54.1 $59.2 638.%
02 THRUST-Y (LBF ) 2561.8 2560.9 2544.0 846.% 874.6 1005.4
03 THRUST-2 (LBF ) 2557.% 2556.6 2539.8 845.0 873.1 1003.1
Observed Burn Rate = 0.3400 fn/sec. 8 557.7 psis
Specific Impulse = 2271721 (bf-¢s/lbm
Action / Burn Time = 1.0181

ONGINAL pa
oF GEm

QUALITY
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NASA RELOAD RAH

FIRING MO. 62587 17-Dec-92
NOTOR MO, wc-8 AUG = 7 1 ™
PRESS-1 —o— PRESS-2 —#— THRUSI- -1 —6— THRUST-2 —s—

1400

- .

. - . . . . . 3 . . .

©.0006 ©.6000 1.2000 1.8000

TINE (SECONDS)

TEST DATA SUMMARY
Test ID : WASA RELOAD R/M

2.4000

Firing Number 02587

Acct  No, 38-8464-N&-1000 Date Tested 17-Dec-92
Motor No. MMC-8 Cond. Temp. 70.00 Deg. ¢
Grain No. 3467 Arbient Temp. 48.00 Deg. F
y / Pro. Wgt. 5167.2998 grams Rel Numidity 100.00 X
\ Veb 0.9990 in. Saromcter 30.10 inNp
/ - TINE VALUES
N ﬁ (seconds)
«/ Q k)lgn!ticn Delay ¢ 0 - 10X) 0.077% Ignition Rise (10X - 90%) 0.0540
s % Action Time (10X - 10%) 3.1477 Surn  Time (10X - TAN)  3.0637
X &0\ Total Time (O - 0) 3.2238
4 INTEGRALS AVERAGES
A (\ CuN g0 TOTAL ACTION BURN ACTION BURN - MAX I MUN
/
Q \ 00 PRESS-1 (PSIA) 1532.% 1531.2 1518.0 491.1 495.% 516.6
)\ \ 01 PRESS-2 (PSIA) 1535.1 1533.9 1520.6 492.0 496.3 $17.2
Q 02 THRUST-1 (LBF ) 2498.3 2497.8 24787 801.2 809.1 1160.8
Q 03 THRUST-2 (LBF ) 2491,9 2691.5 2472.6 ™.2 807.1 1738
Observed Burn Rate = 0.3261 irvsec. @ 495.5 psis

219.3088 Ibf-s/lbm
1.0176

Specific Impulsge =
Action / Burn Time =
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NASA RELOAD

Ballistic Analysis
of
ROHM and HAAS Motors
(PBAN Mix 2)

15 + 16

INTRODUCTION

On February 18, 1993 two Rohm and Haas motors (F/N's 02724 and
02725) were fired from NASA Reload Batch 3502. This mix was an 86%
solids, 16% aluminum, PBAN formulation with a bi-modal (200/20
micron) AP distribution in a 70/30 ratio. From this batch, full
scale motor DM-06 was also cast. There were no anomalies noted in
the firings.

ANALYSIS RESULTS

The firing data was processed using the standard firing analysis
code to determine the motor burning rate and burning rate exponent.
Firing number 02725 used an eroding nozzle throat made from Durez.
Firing number 02724 used a non-eroding, ATJ graphite throat. The
eroding throat firing provides an accurate assessment of the
burning rate exponent while the non-eroding throat provides an
accurate burning rate value at the motor average operating
pressure.

Based on the analysis of F/N 02725, the burning rate exponent was
determined to be 0.3401. Based on the analysis of F/N 02724, the
burning rate was determined to be 0.361 inches/second at 550 psi.
Using these results, the burning rate equation for this mix is:

r = 0.04222 pPc %3

Full scale motor maximum pressure was calculated by comparing
burning rates, exponents and propellant thermochemical properties
to the mix 2 full scale motor. This was done using a mass balance
equation, with a 3.8% scale factor applied to the subscale burning
rate. This value was required to calibrate the calculation to the
actual mix 2 full scale motor. The calculated full scale maximum
pressure for batch 3502 is 652 psi which is below the requirement
of 720 psi. This batch should yield acceptable performance in full

scale motors.

ATTACHMENT 11



TEST DATA REPORT

NASA RELOAD R/H

Firing No. 1 02724-0272%
Firing Date s 1B-FEB-1993
Motor No. 3 30,RTY-111

RB DATA

ARG

PROPULSION TEST GROUP

ATLANTIC RESEARCH CORPORATION
5945 Wellington Road
Gainesville, VA 22065

February 19, 1993

SPECIFICATION! .o'.oo'-&4.......-......0..-....

DATA REDUCTION: .... J’M/ﬁ'ﬁ'ﬁf////)/.

ENGINEERING APPROVAL: ..[L.
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MASA

SRSt lts s moe te. et emee———— . o ——— e - e e

RELDAD

MOTOR MO, 39

1400

12

FIRING MO. 62724 1B-Fed-93

1 ”»

MG =
PRESS-1 —0— PRESS-2 —#— THRUST-1 —6— THRUST-2 —a—

-2590
©.600 1.6008 2 .6008 3.6000 4.6800 5.6080
TIME (SECONDS)

.

[]

'
"wi
il

L}

'

Test ID : NASA RELOAD

Acct  No. 38-6464-B6-1000
Motor No. 30

Grain Fo. 3%02

Pro. Wgt. $265.2000 grams
Yab 1.0045 1a.

Ignition Delay ( 0 - 308) 0.0349

Action Time (308 - 100)

TEST DATA BUMMARY

Total Time (0 - 0) 2.9388

cCER ID TOTAL

00 PRESS-1 (PSIA)}  1350.0
01 PREES-2 (PSIA)  1387.4
02 TERUST-1 (LP }  2654.9
03 THRUST-2 (L3P )  2622.§

Obtserved Burn Rata @

Specific Izpulse - 228.67)2 1bf-8/1da

Action / Burn Time

Piring Wuzber 02724

Date Tested 18-Tad-9)
Cond. Tesp. 70.00 Deg. P
Azbient Temp. 26.00 Deg. P
Rel Bumidity §3.00 &
Barcneter 29.70 iamg
TIME VALURS
(seconds)
Ignition Rise (108 - 758) 0.0196
2.8336 Jurn  Time (108 - TAR) 2.0168
INITEGCRALS AVERAGES
ACTIOR pURR ACTION R KAXIMUN
1550.0 3154).% 547.0 540.0 628.9
1557.3% 1550.8 $43.6 $50.8 629.9
2654.9 2644.2 9)6.9 938.7 1128.%
2622.5 2612.3 925.% 927.3 1123.2
0.3566 in/sec. @

1.0060

$48.0 paia
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MASA

MOTOR NO.
PRESS-1 -wo-P

1900

RELOAD

RIY-111

MG = 12

FIRING MO. 82725 1B-Ted-93

1

[y

RESS-2 —#— THRUST-1 —— THRUST-2 —8—

OLkserved Purn Rats
Specific Ixpulse
Action / Burn Time

0.3694 $n/sec.

1.0229

(] 61).4 poia
220.4824 1bf-s/1tm

w...........................
H - i l . .
-200
©.600 1.6000 2.6000 3.60680 4.6008 S.6008
' TIME (SECONDS)
TEST DATA BUMOMARY .
Test ID 1 RASA RXLOAD Piring Wumber 02728
Acct Bo. 38-6464-R6-1000 Date Tested 10-7ed-93
Motor No. XIY-113 Cond. Temp. 70.00 Deg. ¥
CGrain ¥o. 3502 Ambient Temp. 28.00 Deg. P
Pro. Wgr., 5345.6206 grams Rel Bumidity 65.00 &
Wad 0.9940 4n. Barconetar 29.78 inmg
TINE VALURS
(seconds)
Iguition Delay ( 0 =~ 30%) 0.0789 Ignition Rise (208 - 758) 0.0224
Action Time (108 - 3108) 2.752¢4 Jorn  Time (108 - TAR)  2.6908
Total Time (0 - 0) 2,057
INTECRALS AVERAGES
CEE I TOTAL ACTION 34 ACTIONR W MAX IMUM
00 PRESS-1 (PSIA) 1668.1 1666.9 1650.68 605.9 613.4 807.8
©1 PRESS-2 (PSI1A) 1672.8 1670.0 1654.9 $07.0 $15.0 007.9
©2 TERUST-1 (LAP ) 2695.8 26931.9 2667.9 970.7 1.8 1267.6
03 THRUST-2 (LBY ) 2665.3 2663.9 2638.8 967.8 980.6 1254.9

- - .
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MOTOR INFORMATION CHART

MOTOR # SERIAL # BATCH # MIX DATE
1 SOSM-01 HTPB21.5 B-09479-T 12/2/92
2 SOSM-02 HTPB/17.5 B-09722-§ 11/11/92
3 SOSM-03 HTPB/19.0 3457 11/18/92
4 SOSM-04 HTPB/16.0 3467 12/4/92
5 SOSM-05 HTPB/16.0 3467 12/4/92
6 SOSM-06 PBAN/16.0 B-09750-T 12/3/92 Not Shipped
7 SOSM-07 HTPB/16.0 3467 12/4/92
8 SOSM-08 HTPB/16.0 3467 12/4/92
9 SOSM-09 HTPB/19.0 3457 11/18/92
10 SOSM-10 HTPB/19.0 3457 11/18/92
11 SOSM-11 HTPB/15.0 3457 11/18/92
12 SOSM-12 HTPB/19.0 3457 11/18/92
13 SOSM-13 HTPB/19.0 3457 11/18/92
14 SOSM-14 PBAN/16.0 3502 2/1/93

ATTACHMENT 12



PERCENT
10.558

0.150
2.000
0.500

16.000

100%

PROPELLANT COMPOSITION
MOTOR #00 (DEMO MOTOR)

SERIAL # SOSM-00 HTPB/16.0

INGREDIENT

R45 (HTPB)

TEPAN (BONDING AGENT)
DOA

FE203

AL

MGO

AP200

AP20

IPDI

TPB

MALEIC ANHYDRIDE

ATTACHMENT 13



PROPELLANT COMPOSITION
MOTOR #1

SERIAL # SOSM-01 HTPB/21.5

PERCENT INGREDIENT
8.937 R45 (HTPB)

0.150 TEPAN (BONDING AGENT)
2.000 | DOA

0.200 FE203

21.500 AL

0.025 MGO

46.550 AP200

19.950 AP20

0.638 IPDI

0.025 TPB

0.025 MALEIC ANHYDRIDE
100%

ATTACHMENT §

MB1051:92



PROPELLANT COMPOSITION
MOTOR #2

SERIAL # SOSM-02 HTPB/17.5

PERCENT INGREDIENT
8.937 R4S (HTPB)

0.150 TEPAN (BONDING AGENT)
2.000 DOA

0.200 FE203

17.500 AL

0.025 MGO

49.350 AP200

21.150 AP20

0.638 IPDI

0.025 TPB

0.025 MALEIC ANHYDRIDE
100%

MB1051:92



PERCENT

8.937
0.150
2.000
0.200
19.000
0.025
48.300
20.700
0.638
0.025
0.025
100%

PROPELLANT COMPOSITION
MOTOR #3,9,10,11,12,13

SERIAL # SOSM-03 HTPB/19.0
SERIAL # SOSM-09 HTPB/19.0
SERIAL # SOSM-10 HTPB/19.0
SERIAL # SOSM-11 HTPB/19.0
SERIAL # SOSM-12 HTPB/19.0
SERIAL # SOSM-13 HTPB/19.0

NGREDIE

R45 (HTPB)
TEPAN (BONDING AGENT)
DOA

FE203

AL

MGO

AP200

IPDI
TPB
MALEIC ANHYDRIDE

MB1051:92



PERCENT

10.804
0.150
2.000
0.200
16.000
0.025
49.000
21.000
0.771
0.025
0.025
100%

PROPELLANT COMPOSITION
MOTOR #4, 8,7, 8

SERIAL # SOSM-04 HTPB/16.0
SERIAL # SOSM-05 HTPB/16.0
SERIAL # SOSM-07 HTPB/16.0
SERIAL # SOSM-08 HTPB/16.0

NGREDIE

R45 (HTPB)
TEPAN (BONDING AGENT)
DOA

FE203

AL

MGO

AP200

AP20

IPDI

TPB

MALEIC ANHYDRIDE

MB1051:92



PROPELLANT COMPOSITION
MOTOR # 14
SERIAL # SOSM-14 PBAN/16.0

PERCENT INGREDIENT
11.980 PBAN

1.820 DER 331
0.200 FE203

16.000 AL

49.000 AP200

21.000 AP20

100%

MB10S1:92



DEVIATION APPROVAL REQUEST

SHEET1 OF 1

1. FoR: @ DEVIATION

D SUMMARY OF MINOR NONCONFORMANCES

2. FROM CONTRACTOR:

3. CONTRACT NUMBER: 4. REQUEST NUMBER:

Atlantic Research Corporation NASE-33663 ARC-1
S. NOMENCLATURE: 6. NUMBER; 7. REVISION: 8. DATE:
Strap-0On Solid Motor 12/23/52
9. NONCONFORMANCE: 10. MRB ACTION NO.: 11. SERIAL NUMBER(S): 12. LOT NUMBER; 13. QUAKTITY:
X minor [ mason .- SOSM-02 HTPB/17.5 .- 1

14. SUPPLIER OR SUBCONTRACTOR (GIVE NAME AND ADDRESS):

18, SPECIFIED REQUIREMENTS:

Pafurbishnent Specification 1.
Maxfrym Expected Cperating Pressure (MEOP)
= 720 psia

16. DESCRIPTION OF DEPARTURE FROM REQUIREMENTS:

Predicted MEOP for SNSM-02 = 750 psia

17. REASON FOR REQUEST AND/OR CORRECTIVE ACTION TAKEN:

Calculated MEJP does not affect test serics objactives or test firing safety due to
rargin in factor of safety (2-prox. 4.0 for priiary failure node)

18. REMARKS:
fio other rotors excedd MEOP requirarent

19. CONTRACTOR CERTIFICATION:

THE CONTRACTOR HEREBY CERTIFIES THAT THE ABOVE DESCRIBED DEVIATION IS A DEPARTURE FROM

THE CONTRACTUAL REQUIREMENTS IN THE QUANTITIES AND/OR CONDITIONS AS STATED ABOVE.

COST ADJUSTMENT (EXPLAIN)

% NO COST ADJUSTMENT
!

',,’

TITLE

SIGNATURE OF AUTHORIZED REPRISTINTATIVE DATE

20. GOVERNMENT QUALITY ASSURANCE REPRESENTATIVE COMMENTS:

JITL SrIGHATYRE DATE
21. MSFC REVIEW:
r DPESANIZATION SYMBOL “fatami REPRESENTATIVE CONCURRENCE NON-CONCURRENCE oATE
- T R AR A ] LRI ATAL - -, . .
L=an (VNN .¢ I DRy & - =
- Jid DE- L. SRR X211
ke b | 2a0es3lun Fasplal
- 4-VJ¢')" 1T =@ &: GV
<24 Ehristena—Shapherd

22, CONTRACTING CFFICER'S REPRESENTATIVE OR OTHER DULY
DELEGATED AUTHORITY:

DISAPPROVAL (RECOMMENDED)

23, CONTRACTING OFFICER:

APPROVED
DISAPPROVED

APPROVAL (RECOMMENDED)(WITH) —— [J suesect To conpITiONS STATED ON MSFC FORM -1.
- (WITHOUT) PRICE ADJUSTMENT. 8 .
L4 ; .
e ., PIA T A
‘7 ’ -
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SIGMATURE DATE

MSFC-Form 847 (Rev. May 19¢9)

. . COPY #4 CONTRAC

TOR'S -RECORD FI ATTACHMENT 14



1 & Ot gy
HPhmIon Dovt bugim iy it 1204 AAng 0 va 210CIANI) o 10 e O%ce 0F Mae

» 4
PLEAST DO WOT RITURN YOUR COMMETID Foraro

MATERIAL INSPECTION AND RECEIVING REPORT o P
L J
Pt rencrtig Burdre W Tha (HICLON §f S0 mat 0 b Pimeted W Svarage D g P PO hclul g the U § ’
&,‘:.‘.:?,.u—:;qwu:;-::::;‘ ;'::D-:“ Nwmd::v-mv Wunh:!uw'u‘ .V::-'i‘:!ou Nuo:uf:-‘-:-: ::‘u s
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George C. Marshall Space Flight Center, NAS
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aan M. MARKED POR coor
Transportation Property Officer Accountability Property Officer
National Aeronautics & Space Administration Bldg. 4471
Bldg. 4971 . Attn: Richard Thompson EP73
Marshall Space Flight Center, AL 35812
I 6 STOCKFART NO. DESCRIPTION 7. " [1) 2.
o MRi=—trolbbierrin brairon Mool sasrnccme | ovr | uwe emice AMOUNT
?
! Motor Case 13 ea | NSP NSP
! Nozzle Insert A0327004-100 13 ea NSP NSP
H Retaining Ring B14236-03-01 13 ea NSP NSP
:
q
[ ]
[ ]
[}
[ ]
[ ]
[}
[}
[}
¢
1 ]
H
no CONTRACT QUALITY ASSURANCE 7} RECEIVER'S USE
A ORIGIN 8 DESTINATION Quantities thown in column 17 were received
coa[] accerrance oftistedtems | [TJcaa [X] ACCEPTANCE of isted nems has bean | '™ 49P#€0t Good CORdition kacept o1 noted
abeenmadebsmeorunder mysupervison mitb,morundomnuporvis-omndthcy
andtheyconform to contract, eacept as noted | conformte contract, except as noted herein or on
Merain of 0n 3upporting documents SuppOrting documents. SATlL MQiviD WORATUML OF AUTH GOVT MLF
YD namg
o0 o
TToa T T ihmatun o Avin GOV MNP all PGRATURL OF AUTm GOVT AP
CE e, D paal ‘Ifcuan'tr) eceived by the GO-P'I':\"‘IJ'II‘N
A e d and WL me o150 inti?y 2 MNipped. indcae w7 (/)
mark, ifd.Herent, enter sctuelquantity re-
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- PACKING LisT
SHIP TO: r ACCOUNTABILITY PROPERTY OFFICER

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION &0- | 23392@
BUILDING 4471
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l— ATIN: RICHARD COOPER EP73 -J
RFS# RPO0O1
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S v
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13 MOTOR CASE
13 %\0327004—[00 NOZZLE INSERT
13 B14236-03}01 RETAINING RING

VERIFIED BYW% DATE: /&2
v (I' 0 T / f

CUSTOMER |FURNISHED MATERIAL BEING RETURNED
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"RADEMARK APPLIED TO propucTt [ conTainer [ OTHER

(3 sHipmeNT OF END 1TEM [ J MATERIAL FURNISHED FOR FURTHER PROC £SSING ON P.O. NO
(3 MATERIAL RETURNED FOR REPLACEMENT (] MATERIAL RETURNED FOR FULL CREDIT ON P.O NO.
[ MATERIAL RETURNED FOR REPAIR ON P.O NO OTHER ISPECIFY)
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GAINESVILLE, VIRGINIA 22065

. borm Assrered
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SAME AS BLOCK 9

12 PAYMINT WiLL 81 MADE BY €oot ]BPSZ
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1) smee(D 10 cooel

TRANSPORTATION OFFICER
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BLDG. 8700

REDSTONE ARSENAL, SUPPORT ACTIVITY
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DCN B-9-EP-00215
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' MFR P/N: 17411-1 12 EA. NSP NSP

! CARTRIDGE, IGNITER

| CARTRIDGES, POWER DEVICE, UN0323

'

!
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21 beenmade by me or under mysupervision | made by me or under my supervision and they
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ARC Atlantic Research Corporation
. a subsidiary of Sequa Corporation

VIRGINIA PROMULEON DIVIBION

:;: :u:nuc( ROV ::.C. :D:m'mu. SERVICES SADVP S840 WELLINGTON ROAD
SHIPPED D utn:o::,.\(r:?;num D Aun.::om,‘:,:,:'"..... hry) ::L“::;:‘,‘:.::'m’”'
FROM: A I T
- - PAckING LisT
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TRANSPORTATION OFFICER
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Atlantic Research Corporation .
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George C. Marshall Space Flight Center
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Final Report prepared and distributed IAH
contract requirements. ARC has made no other
distribution, nor places any limitation on
availability to the public.

»r 200
s iéﬁgﬁkic ﬁzg%arch Corporation (ARC) contracted with NASA to manu-

facture and deliver thirteen small scale Solid Rocket Motors (SRM).
These motors, containing five distinct propellant formulations, will be
used for plume induced radiation studies. The information containdd herein
summarizes and documents the program accomplishments and results.

Several modifications were made to the scope of work during th
course of the program. The effort was on hold from late 1991 throygh
August 1992 while propellant formulation changes were developed.
Modifications to the baseline program were completed in late-Augus
and Modification No. 6 was received by ARC on September .14, 1992. he
modifications include changes to the propellant formulation and th

nozzle design. The required motor deliveries were completed in latg-
Dec. 1992. ARC agreed to perform an additional mix & cast effort 4t no
J

o was delivered in Marech, 1993.
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